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STEREOROENTGENOGRAPHY— CASE 7 

StereoBoope for Studying the Roentgeno^rami. 

[Stereo 1.] 

^ For studying the roentgenograms, I prefer the mirror 
stereoscope of Wheatstone, as shown, although there are 
other types of stereoscopes which give excellent results. 
The picture formed by the blending of the two images in 
the mirror stereoscope is more life-like and life-size than 
in any other available form of prism or lens stereo- 
scope. In viewing the stereoroentgenograms, one must 
keep the eye-plate distance the same as the anode-plate 
distance. In other words, the eyes must, so to speak, see 
what the tube saw and hence the necessity for recording 
the anode-plate distance, especially if any mathematical 
calculations are required. 

4|j Advantage!. — The ordinary roentgenogram consists 
of a mere record of differences in density and distance, 
resulting in distorting and overlapping shadows. In stereo- 
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•I One of the most striking and surprising features of the 
stereoroentgenogram, as well as one of its most essential 
advantages, is the fact that it gives a picture from both sides 
of the object examined. By simple reversal of the plates 
in the stereoscope, the point of view is transferred to the 
opposite side of the object. Thus, if the exposures are 
made with the tube anterior, one may obtain not only a true 
stereoscopic anteroposterior view, but, also, an almost 
equally valuable and informing pseudo-stereoscopic postero- 
anterior view. It is thus possible to determine with exact- 
ness the location and position of any object visible in the 
plate in relation to any other object. 

<il The examination of a few stereoroentgenogramsof the 
alimentary tract will at once suggest numerous conditions 
in which the method must render invaluable service. 
Among these may be especially mentioned: the course of 
the esophagus and its relation to the aorta and the heart; 
the topography of the lower portion of the esophagus and 
the cardiac orifice of the stomach; the contour of the 
diaphragm; the relation of the spleen and the gas or 
bismuth-filled left flexure of the colon to the stomach; 
diaphragmatic hernia; subphrenic abscess; the form, 
position and relations of the pyloric end of the stomach and 
the bulbus duodeni; the situation and relation of penetra- 
ting ulcers, especially when on the posterior wall of the 
stomach; the relation of suspicious right upper quadrant 
shadows, gall stones, kidney stones, etc., to the pylorus, 
duodenum and hepatic flexure; the seat of obstruction in 
the small or large intestine, with special reference to kinks 
and adhesions in the terminal portions of the ileum; the 
course of fistulous tracts, either between contiguous por- 
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lions of the stomach or intestine, or between the skin 
surface and the bowel. 

^ The complete roentgen instrumentarium includes 
some current generator. At present this is likely to be a 
so-called "interrupterless" transformer, although there 
are numerous powerful coils which have served the purpose 
fairly well. Flash exposures— practically instantaneous — 
are feasible with any of the interrupterless transformers of 
modern make. 

(|I Fluoroscopic versus Roentgenographic Methods. — 
The stereoscopic method of examination should by no 
means be considered so essential as the extensive and varied 
illustrations in this book might lead one to infer. This 
array of stereoroentgenograms is presented with the double 
purpose of illustrating the value of stereoroentgenography in 
alimentary tract conditions, and of illustrating in the clearest 
manner possible some of the more important findings likely 
to be encountered in fluoroscopy on the alimentary tract. 
My experience has been that the wider appreciation 
of pathological states as revealed by stereoscopic roentgeno- 
grams enables one to interpret the findings better than is 
true with the ordinary single plate. It is hoped that the 
clearer conception of the X-ray appearances of the 
alimentary tract, as illustrated in these stereoroentgeno- 
grams, will serve to facilitate the interpretations of the 
screen and single plate shadows. In fact, I consider the 
fJuoroscopic examination of greater value than the ordinary 
roentgenographic or stereoroentgenographic method, 
familiarity with the interpretation of the stereoroent- 
genographic images serving, however, to make more clear 
the ordinary fluoroscopic screen readings. 
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t[| But the examination isfirstof all roentgenoscopic (fluo- 
roscopic). By roentgenoscopy we are able to gain a 
knowledge of the size, form and position of the viscera 
under study and to recognize the most favorahle phase for 
the making of a stereoroenigenogram — the vertical roent- 
genoscope (fluoroscope) is requisite for the most satisfac- 
tory study. The plate method alone, at least as relates to 
the gastro-intestinal tract, is not sufficient. The ideal 
method is the combined one, the observer employing both 
roentgenoscopy and roentgenography, the plate record 
serving to confirm or further elucidate the screen findings. 

•f! At this point 1 wish to express my indebtedness to 
the staff and management of the Battle Creek Sanitarium, 
particularly to Dr. J. H. Kellogg, for numerous courtesies 
which have made possible the production of this work. I 
am also under obligation to several members of the staff 
of St. Luke's Hospital, Chicago, for similar courtesies. 
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five c. m., the ordinary reading distance, plus the thickness 
of the body) . The rule for the anode-plate distance is to 
place the anode thirty-five c. m. distant from the nearest 
point of the part to be roentgenographed. A variation in 
this anode-plate distance should be carefully recorded. It is 
also desirable to indicate the right and the left plates of the 
stereoscopic pair. 

€([ An automatic tube shifting device may be pur- 
chased from any large supply house, my preference being 
one with a trigger attachment. Some workers have recom- 
mended the bianodal tube in place of the tube-shifting | 
device, but to this plan there are some serious objections, | 
the most important being that the penetration of the rays | 
from the two anodes are not equal. Later developments 
in the manufacture of tubes may overcome this difficulty. 

€([ For plate changing, I have used the automatic rotary 
plate changer devised by Snook; also an automatic tunnel 
plate changer controlled by a spring and trigger device | 

attached to the same cord that shifts the tube. By means 
of an automatic device which, at my suggestion, the Poly- 
phos company, of Munich, has added to their cinemato- j 

graphic installation, it is possible still further to reduce the i 

time required for plate changing. ; 

•B There are several ways in which the stereoscopic effect j 

may be enhanced, among others by the use of a small lead i 

marker on the umbilicus. Too, one should use plates large 
enough to include points of comparison to which the 
stereoscopic effect is due. For instance, in stomach work 
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on the current in the tube. The overhead light may be a 
dim white light of the inverted or hidden variety, or it may 
be an ordinary green, blue or red incandescent globe. The 
writer's preference is a blue incandescent lamp inside of a 
yellow globe. The effect is a sort of moonlight that is very 
agreeable. 

^ If one employs an invisible lighting system, the proper 
lighting effect may be more easily secured by tinting the 
ceiling and perhaps, also, the side walls a dark green color. 
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Horizontal Roentgenosoope. 

[Stereo 3.] 

<II This stereo represents a very satisfactory horizontal 
roentgenoscope. The patient lies supine upon the table. 
The tube is in the lead-covered box beneath the table, the 
image being thrown upon the screen which is held above the 
patient. Usually the full weight of the screen is allowed to 
rest upon the patient. Both assistants and operator are urged 
to wear gloves and protective aprons. It is the writer's 
practice to examine every case both standing and lying. 
Examinations are sometimes made with the patient in the 
right or left lateral position, and occasionally in the Tren- 
delenburg position. 

<II There are several methods of studying the esophagus 
roentgenologically. One may use capsules of various sizes 
filled with bismuth. In this way, in cases of stenosis, the 
exact calibre of the narrowed esophagus may be calculated, 
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according to the size of the capsules, which are allowed to 
pass the stricture. A mixture of bismuth and jam having 
the consistency of whipped cream is helpful in outlining the 
contour of the esophagus. A preparation of glycerin and 
bismuth, or of honey and bismuth, serves very well. In one 
case in particular, it was necessary to use a mixture of 
bread, milk and bismuth to place a recognizable residue in 
a small Zencker's diverticulum. 

<|| The administration of the bismuth meal is carried out 
in the usual manner. Although we ordinarily speak of 
I these meals as bismuth meals, nevertheless bismuth is now 
seldom employed. Barium sulphate is much cheaper, and 
it casts a shadow which is practically as dense as that cast by 
bismuth. There is now obtainable from several of the 
leading wholesale drug firms a specially tested barium 
sulphate for X-ray work. Ordinary barium sulphate often 
contiiins rather coarse particles, and there is always the 
danger of poisoning from the soluble barium salts which 
may be present; hence the advisability of using the specially 
tested barium sulphate. For the bismuth meal, two ounces 
of barium sulphate are added to ten ounces of farina mush, 
or to twelve ounces of the Oriental clotted buttermilk, 
which is widely sold in this country under various names 
and in various forms. 

<!I For testing the motility of the stomach, the farina 
mush (the Rieder meal) is preferable to the more liquid 
breakfast. Perhaps still more nearly ideal in studying 
motility is the addition of two ounces of bismuth to the 
ordinary breakfast, such as the patient customarily eats, the 
bismuth being taken at intervals throughout the meal. On 
the other hand, a fluid meal is necessary for the careful 
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study of the peristaltic waves and to exclude ulcers, tumors, 
and indurations of the gastric wall. 

^ For the clysma, the writer employs a gummy suspen- 
sion of ninety grams of barium sulphate in a litre and a half 
of water. One should always insist that the bowels be 
emptied by a preliminary cleansing enema at least two 
hours before the examination. The two-hour interval gives 
time for absorption or evacuation of any residue of water 
from the preliminary cleansing enema which may still be in 
the colon. The clysma is used only when studying the 
morphology and relation of the colon and for the estimation 
of the competency of the ileocecal valve. In the majority 
of cases, with the patient lying flat on the back (the hips 
not elevated) two and a half pints of the mixture suffice to 
reach the cecum within two and a half to four minutes, 
with only the pressure exerted by the enema container being 
placed at a height of two feet above the patient. The writer 
usually administers massage movements over the shadow of 
the cecum and ascending colon in the antiperistaltic 
direction to make certain that the contents of the cecum 
are thoroughly mixed. An ordinary enema outfit is em- 
ployed, the receptacle held a meter above the patient, and 
the tube being inserted into the rectum not more than 
one and a half to two and a half inches. The injection is 
always done under roentgenoscopic control, as advised by 
Haenisch, much valuable ioformation being gained in 
this way. 

•U The following is the exact formula for the preparation 
of the bismuth enema: To two and a half drams of gum traga- 
canth add about one ounce of alcohol. Shake well. Add 
twenty ounces of warm water and shake. Add three ounces 
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of barium sulphate, then twenty ounces of water, shaking 
well each time. This mixture should be made up fresh 
shortly before using, though it will keep two or three days. 

•I A vehicle consisting of starch paste serves the purpose 
for the enema very well. Ordinary buttermilk into which 
barium is stirred, in proportion of three ounces to a quart, 
is also satisfactory for the clysma. 

•H For those who work in institutions, the following 
plan of an ideal roentgen department may be of service. 




It will be observed that the roentgen examination department 
consists of an office opening into the waiting room. From 
the office the patient is sent to the roentgenographic room, 
if the case is one requiring examination of the head, spine, 
joints, urinary tracts, etc.; while those requiring fluoroscopic 
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examinations of the chest for heart or lungs and of the 
gastro-intestinal tract are sent into the roentgenoscopic 
room. Both the roentgenographic and the roentgeno- 
scopic rooms are connected by high tension wires with the 
transformer room adjoining. The dark room is connected 
with the roentgenoscopic room by a window opening, 
through which plates and screens are passed when needed. 
Leading from the office is a room for plate study and reports. 
In this room is located the roentgen cinematograph. 

•H One of the greatest difficulties in making stereo- 
roentgenograms of parts where the thickness or density 
makes a long exposure necessary, is that the vacuum of ihe 
tube does not remain uniform throughout two exposures. 
Very often the first plate of a stereoscopic pair will be 
properly exposed, while the last will be under exposed, 
owing to the heating of the tube and consequent diminu- 
tion of the penetration rays produced. 

•fl Among the numerous advantages of the new tube 
invented by Dr. W. D. Coolidge is the constancy of 
vacuum available, obviating the difficulty just described. 
Through the courtesy of the inventor, I have had the 
privilege of doing considerable research work with the new 
tube, and have been able to successfully make stereo- 
roe ntge nog rams under circumstances which have hitherto 
baffled my efforts. A complete description of the tube 
appeared in the American Journal of Roentgenology, issue 
of January, 1914, the article being simultaneously published 
in various Continental and British journals. 

•I The inventor does not consider the tube as yet per- 
fected. The following are the principal features of the 
tube, a photograph of which appears in the accompanying 
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Stereo. The cathode consists of a spiral of tungsten wire, 
surrounded by a cylinder of molybdenum, which is con- 
nected to the source of the high tension current. The 
spiral, heated by a storage battery, supplies the electrons 
necessary to produce the cathode stream in quantity pro- 
portional to the degree of heating. The high potential cur- 
rent serves as the carrier of electrons, and the molybdenum 
surface focuses the stream on the target, which consists of 
a three-ounce block of wrought tungsten. As the tem- 
perature of the spiral h raised, there is a corresponding 
increase in the quantity of X-rays generated. The vacuum 
of the tube is much higher than that of the ordinary X-ray 
tube — so high, indeed, that no current from the high 
potential generator will pass through the tube unless the 
cathode is heated. 

•I Both the intensity and the penetration are under com- 
plete control of the examiner. Either can be increased or 
decreased independently of the other. Very large currents 
can be passed through the tube almost continually without 
any appreciable change in the constancy or penetration of 
the resulting X-rays. 

•H When one becomes familiar with the technic of regu- 
lating the tube, very satisfactory roentgenograms can be 
made with the ordinary roentgen bulbs now available, 
especially those tubes having heavy tungsten targets. 
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•I The greatest assistance rendered by the Coolidge tube 
is in fluoroscopy and in treatment work, especially the deep 
therapy, in which interest has lately been renewed. 

•I The invention of Coolidge is epoch-making and next 
to the discovery of the focus tube by Jackson is probably 
the greatest invention relating to roentgenology since the 
original discovery of the ray by Roentgen. 
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Zenker's Diverticulum oi Esopbafus. 

[Stereo 5.] 

•II Male, age sixty-four. Severe attack of scarlet fever as 
a boy, typhoid at fourteen years. History otherwise nega- 
tive. Four years ago began to notice dysphagia. When- 
ever he swallows, he finds it necessary to gag or cough a 
little, after which he has a choking sensation and a spell of 
coughing. Water and milk give little trouble. Heavier 
foods cause distress in swallowing. 

•U During the roentgen examination, a capsule lodged at a 
point an inch above the level of the clavicles. The first 
swallow of the liquid bismuth suspension passed into what 
proved to be a sacculation of the esophagus, one or two 
ounces sufficing to fill it. The rest of the food trickled on 
down the esophagus into the stomach. By oblique illumi- 
nation, the diverticulum was shown up very distinctly. 
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•P After the patient, by pressure, attempted to clear the 
esophagus of the bismuth which was evidently held in a 
sack just below the epiglottis, some of the bismuth sus- 
pension was regurgitated and aspirated into the lung, most 
of it going into the branches of the lower right bronchus. 
There were no observable ill effects of any sort following the 
aspiration of bismuth into the lung. Some bismuth was still 
detected in the diverticulum at the end 
of forty-eight hours. 

•U The stereoroentgenogram was made 
with the patient in the right oblique posi- 
tion, the left shoulder being turned away 
from the plate, which was placed anter- 
iorly. 

<| The following diagram, borrowed 
from Arthur and Muir, illustrates the 
right anterior oblique position which 
was employed in making this roentgeno- 
gram. 
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Chronic Esophageal Obstruction. Partly Spastic, 
Partly Organic. 

[Stereo 6.] 

•H The patient was a boy, sixteen years of age, who had 
complained of dysphagia since babyhood. At times the 
obstruction was absolute for two or three days, with inter- 
vening periods of partial relaxation of the spasm. At no 
time, even when the patient was thoroughly under the 
influence of atropin, was the obstruction completely over- 
come. The patient swallowed a silken thread, which was 
used as a guide for passing bougies. The esophagus was 
finally thoroughly dilated, and a complete cure effected. 

^ This stereorentgenogram was made with the patient in 
Pfeiter's position; that is, the rays traversed the chest from 
the right anterior chest wall through the mediastinum 
toward the plates, which were held against the left chest 
wall posteriorly,— the so-called left oblique posterior 
position. 
Stereo 6. Serial W 502 
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•I The normal esophagus is 
rarely seen in the roentgenogram 
unless the exposure is absolutely 
instantaneous and the holus is 
registered in transit. Figure 5 
(after Holzknecht) shows four 
phases in the normal deglutition 
of the bismuth meal. In the 
pharynx, the bismuth mass is an 
elongated bolus. In the thorax, 
it shows as a solid cylinder the 
size of a finger, becoming shorter 
and thicker as it descends- In normal cases, each mouthful 
of the bismuth meal passes down the esophagus in cylindri- 
cal portions the length of one's finger. In early cases of 
esophageal obstruction, the difficulty in swallowing is marked 
on the screen by a little delay, noted at one particular point. 
This symptom is most marked when the lesion is high up in 
the esophagus. Later there is a degree of dilatation varying 
with the location of the lesion. With high lesions, there is 
not so much dilatation of the esopha- 
gus. When the lesion is low, dilatation 
occurs to a degree varying with the 
course of the disease. (Sec Stereo 7.) 
•H The most marked cases of dilata- 
tion occur in cardiospasm. In malig- 
nant obstruction, the patient rarely 
survives a sufficient length of time 
after the onset of stenosis to develop 
much dilatation. 
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Cardiospasm. 

[Stereo 7.] 
% A case of cardiospasm with very marked dilation of 
the esophagus. The mediastinal region is seen to be occu- 
pied by two shadows, one the cardiovascular shadow, 
having its characteristic form and position, the other the 
widely dilated esophagus. The 
lower portion of the esophagus is 
seen to be filled by a dense bismuth 
mixture reaching a little higher than 
the diaphragm. The rest of the 
esophagus, as high as the clavicles, 
is filled with fluid. The level of 
the fluid is well seen. 
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^ This patient has been examined at intervals for several 
years, during which time the cardiac orifice has been com- 
pletely dilated. At the present time, the esophagus is at 
least four inches in diameter in the region of the clavicles. 




i|| Figure No. 7 is introduced to permit comparison of 
the normal mediastinal shadov^, with the distorted medias- 
tinal shadow shown in Stereo 7. 
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Chronic Esophageal Obstruction. 

[Stereos.] 

^S Chronic esophageal obstruction due to distortion 
associated with a chronic tuberculous process. The retrac- 
tion of the left lung has distorted the heart, the mediastinum, 
the left diaphragm and the esophagus. The bismuth, 
which the patient has just swallowed, outlines the esophagus 
very nicely. Roentgenograms made with the patient erect, 
plates anterior. The subsequent roentgen examination also 
showed gall stones in this case. 

<| Displacements of the esophagus rarely result in actual 
obstruction, but are more valuable for the diagnosis of the 
disease to which the displacement is due. The displace- 
ment of esophagus is often the first indication of disease of 
the pleura or lung or of a mediastinal tumor. Dilatation 
of the aorta, either dififuse or aneurismal, and mediastinal 
tumors are likely to give rise to short, sharp curves in the 
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esophageal shadow. Novae and Stoerk have called atten- 
tion also to the dislocation of the lower third of the esopha- 
gus, accompanied by a diminished motility, associated with 
dilation of the left auricle. 

•J) The shadow of the normal esophagus, when studied 
by postero-anterior illumination, is largely hidden by the 
shadow of the spine, the great vessels and the heart, so that 
in this direct illumination, the suspension is not readily seen 
until just before it enters the cardiac orifice. By turning 
the patient slightly toward the left, so that the rays pass 
through the chest obliquely from the left posteriorly to the 
right anteriorly, the spine and the cardiovascular shadows 
are so displaced that there is normally a clear field of illumi- 
nation between them, through which the bismuth shadow 
passes. In this case the distortion is very evident, and 
easily accounts for the patient's dysphagia. 
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Aneurism of the Descending Thoracic Aorta, Producing 
Esophageal Stenosis. 

[Stereo 9.] 
fl The patient, male, age forty-seven, has been ill more 
or less for two years, suffering with pain in the region of 
the stomach, radiating through to the back. The pains are 
■jsually aggravated by meals, but the patient is never abso- 
lutely free from distress. No vomiting. No burning sensa- 
tion in the stomach. Appetite good. Pain in the back and 
in the stomach often more severe at night. Patient unable 
to lie on the left side without severe pain. During the last 
fifteen months there has been a loss in weight of fifty-five 
pounds. There has been a slight afternoon rise of tem- 
perature at times, but no symptoms on the part of the lungs. 
The heart easily excited. Palpitation occurs after moderate 
exercise. Four weeks before examination the patient 
noticed that he had some trouble in swallowing, the food 

Stereo 9. 
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seeming to stick in the upper part of the throat. At the 
present time he has no trouble except when eating very 
dry food. 

•H The roentgen findings showed the following: Dilata- 
tion of the esophagus above a point opposite the tenth dorsal 
vertebra. Marked deviation of the esophagus forward and 
toward the left. Only a moderate grade of obstruction. A 
glassful of thick marmalade, into which bismuth powder 
had been stirred, passed through the esophagus into the 
stomach within four or five minutes. A tumor in the left 
chest, to the left and behind the heart, the size of a large 
orange. The tumor is uniformly rounded; it pulsates only 
slightly. The shadow of the tumor is as dense as the heart 
shadow. Definite destruction of the anterior surface of the 
bodies of the tenth and eleventh dorsal vertebra, especially 
the eleventh. The destruction of the vertebral bodies 
seems to be more on the left than on the right side of the 
median line. 

•fl Physical examination of the chest was in every way 
confirmatory of the roentgen findings. The patient's blood 
pressure was 102; pulse 84. The patient remained under 
treatment for five weeks, after which he left, — not entirely 
free from pain, but greatly improved. He remained quite 
well for six months, after which the pain became more 
severe. He returned to the Sanitarium for further exami- 
nation and treatment, but died suddenly from rupture of 
the aneurism the evening after his return. 

<| An extremely interesting feature of this case is the 
roentgenologic demonstration of the aneurismal erosion of 
the bodies of the tenth and eleventh dorsal vertebra. 
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•H The accompanying drawing (Figure No. 8) is modified 
r from an illustration by Holzknecht of four abnormal con- 
I'ditions in the esophagus; D, diverticulum of the esophagus; 
rH, a tumor of the mediastinum distorting the esophagus; 
Ca, a carcinomatous obstruction of the esophagus without 
noteworthy dilatation above it. The lower border of the 
bismuth-filled sac is irregular and ends in a point-like pro- 
cess representing the seat of actual stricture; S,D, large 
spindle-shaped dilatation of the esophagus attending car- 
diospasm (sec Stereo 7). 
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Annular Carciooma of the Esophagus. 

^ Patient male, age fifty-six. Symptoms dated back 
only six weeks, when he noticed that he occasionally regur- 
gitated food, but by eating slowly and being careful as to 
the consistency of the food, he was able to get along with- 
out difficulty. This condition has gradually grown worse 
day by day until at the present time, six weeks since he first 
noticed any difficulty in swallowing, he finds it almost 
impossible to get any food into the stomach. He can swal- 
low several ounces, but immediately after swallowing, the 
food is regurgitated. There is no pain, but the patient 
complains of a heavy sensation, as though he had over-eaten. 
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•II X-ray examination showed a tumor growth having the 
characteristics of a carcinoma, producing a constriction In 
the esophagus at the level of the aortic arch. The dilata- 
tion above the constriction was three fingers in width. A 
jejunostomy was performed, with enteroenterostomy. 

<[| Death occurred within a few weeks. Post mortem 
examination revealed a small annular carcinoma of the 
esophagus, as indicated in the roentgenogram. Con- 
sidering the surprisingly small dimensions of the tumor 
found at post mortem, and the short history of symptoms 
relating to the esophagus, the amount of dilatation seen is 
very interesting. 

*JI A roentgenogram of carcinoma of the esophagus is 
characterized by moderate dilatation above the stricture and 
by irregularity of the lower borderof the esophageal shadow. 
Often there is a small conical projection representing the 
protrusion of bismuth into the neck of the stricture. This 
is shown in Figure 10, which is a diagram explaining 
Figure 9. 

<| AsHolzknecht has stated, in a case 
t of dilatation and stenosis due to carci- 
noma there is an appearance at the bot- 
tom of the dilatation as if the stream 
were checked, or even broken, in order 
to facilitate its passage through a tiny 
drain. When the dilatation above the 
stricture is a large one, this appearance 
is not seen, as the diverticulum falls 
by its weight, and compresses the lower 
section of the esophagus. 
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<II Above the collection of bismuth in the esophagus in 
this case will be seen a round bismuth shadow, which is 
a capsule only partly filled with bismuth so that it may 
float. This capsule marks the upper level of the fluid 
contents of the esophagus. 

•H Figure No. 11 is a diagram by 
Holzknecht to illustrate a new 
diagnostic sign in the differential 
diagnosis of diverticula of the 
esophagus. This appearance is 
usually present in small, newly- 
formed pockets, but, as stated 
above, it may be absent in larger 
diverticula. 

•I In Figure No. 11 A shows the 
passage of the bismuth past the 
cup-like dilatation due to carci- " pie- n 

noma. It will be seen that the 

bismuth trickles past the shadow. This illustrates exactly 
what was seen tluoroscopically in the case shown in Figure 
No. 9. Figure No, 11 B shows the passage of the ingested 
bismuth past a small diverticulum. The calibre of the 
bismuth bolus is just as large below the diverticulum as 
above it. This phenomenon was seen during the fluoro- 
scopic examination of the case shown in Stereo 5. 
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Congenital Esophageal Obttniction at the 
Cardiac Orifice. 

[Stereo 10.] 
•!I Patient, male, age fifty-eight. Since earliest childhood, 
he recalls having difficulty in swallowing both liquids and 
solids. During early life, when taking a meal, he often found 
himself taking a deep breath in order to force food into the 
stomach. Fifteen years ago, after somewhat simplifying 
his manner of living, he found this difficulty in swallowing 
was nearly overcome so that he practically forgot it during 
a number of years. The dysphagia has lately returned and 
the patient now applies for X-ray examination as to the 
cause of the difficulty in swallowing. When nervous or 
depressed, these attacks of dysphagia are more distressing 
than usual. He is never nauseated. Pain has never been 
a symptom. He vomits, rather because he is conscious that 
the food does not pass into the stomach, than from any feel- 
ing of nausea. Has always been underweight, but weight 
and strength have not varied for many years. 
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Congenital EH>phageal Obstruction at the 
Cardiac Orifice. — Continued. 

[Stereo 11. J 
^ There is very marked sacculation and dilatation of the 
esophagus amounting almost to a diverticulum. Most of 
the sacculated portion is below the 
diaphragm and has a capacity of at 
least one and a half pints. At the 
end of twenty-four hours there were 
four or five ounces left in the sack, 
as shown in Stereo 11. During 
deep inspiration, the diaphragm 
being crowded down, the diver- 
ticulum was compressed and part 
of its contents forced out into the 
Stomach. The cardiac orifice ap- 
appeared to be narrowed. The 
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behavior was not that of cardiospasm. The shadow of the 
stream of food entering the stomach was not larger than 
a lead pencil. The lower border of the stomach is seen 
lying well below the iliac crest, the bismuth shadow also 
marking the site of the first portion of the duodenum. 

•I At the end of twenty-four hours, a stomach tube was 
introduced, but it was impossible to pass it through the 
cardiac orifice. Stereo 10 was made with the stomach tube 
in place, right anterior oblique position, patient erect. An 
esophagogastrostomy was recommended. 
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•H Figure No. 13 is a sketch made from the roentgeno- 
grams, and will assist in the interpretations oi the shadows. 
At operation there was found a large carcinomatous mass 
involving the lesser curvature of the stump of the stomach, 
and constricting the cardiac orifice. The induration ahout 
the gastroenterostomy opening renders the stoma patent; 
this partially accounts for the very quick emptying of the 
stomach. 
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Carcinoma at Lower End of Esophagus. 

[Stereo 12.] 

•H Carcinoma at the lower end of the esophagus, produc- 
ing partial obstruction at the cardiac orifice. Only the 
stump of the stomach is shown, a partial resection having 
been done seven years previously for carcinoma of the 
pylorus. Note the unusual filling of the small intestine 
owing to the very rapid emptying of the stomach through 
the gastroenterostomy opening. The upper portion of the 
bismuth shadow below the stomach represents the jejunum, 
while the bismuth-filled ileum lies within the true pelvis at 
the level of the pubic bone. 

<H This stereo was made with the patient standing, plates 
anterior, about twenty minutes after the ingestion of a 
bismuth meal. 

Stereo 12. Serial M 503 
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Carcinoma of the Esophagus; Secondary 
Carcinoma of the Liver. 

[Stereo 13.] 
^ Patient, female, age sixty-three. Roentgenogram 
made with patient standing, plates anterior, an ordinary 
bismuth meal having been adminis- 
tered twenty minutes previously. 
The outline of the liver shows very 
distinctly, the lower border reach- 
ing at least four inches below the 
Uiac crest. The stomach is pushed 
over to the left, but is free from 
any lesion. There is a moderate 
dilatation of the esophagus, due to 
the malignant obstruction at the 
cardiac orifice. Pyloric sulcus and 
duodenal bulb normal. The en- 
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largement of the liver suggests that its great size is due to 
malignant disease, secondary to the primary lesion at the 
cardiac orifice. There is a large collection of gas in the 
colon. 

•i At abdominal section there was found a relatively small 
carcinomatous tumor involving the cardiac orifice. That 
the tumor has only recently caused actual esophageal 
obstruction is evidenced by the lack of marked dilatation of 
the esophagus, as well as by the history of the patient. 
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Normal Stomach. 

[Stereo 14.] 

^ Patient erect, plates anterior. The two roentgeno- 
grams of this set were made within a second, including the 
time required for changing the plate and the tube. Four 
undulations are seen on the greater curvature. The upper 
one is due to pressure of the spleen, producing the so- 
called splenic notch, which is normal in this case. The 
second, appearing just above the crest of the ilium, and the 
third, which is cutting the stomach almost in two, are 
peristaltic waves. The fourth break in the contour of the 
stomach is the pyloric sulcus, which is normal. The 
duodenal bulb, called the "cap" by Cole, is normal in this 
case. 

•I! There are many factors influencing the appearance of 
the normal stomach as seen in the roentgen examining room. 
The patient's build and the patient's position with reference 
to the plate are perhaps the two most important factors. 

Stereo 14. Serul ^9 502 
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^ The shadow of the normal stomach in short, stocky 
patients is likely to be transverse. In lanky, thin indi- 
viduals, the normal stomach is likely to present an elongated 
shadow, which, to one unaccustomed to roentgen examina- 
tions, would suggest prolapsus. With the average patient, 
standing, having ingested an ordinary bismuth meal con- 
sisting of fourteen ounces of pabulum, into which two 
ounces of bismuth subcarbonate or barium sulphate have 
been stirred, the lower border of the stomach reaches an 
inch or two below the navel. With the same patient in the 
horizontal position, the lower border of the stomach 
occupies a variable position, averaging, perhaps, an inch 
above the navel. The pylorus is usually more or less 
movable, and hence variable in its position. When the 
colon is empty, the lower border of the stomach reaches a 
lower point than when the colon is filled. The filling of the 
pelvic colon by enema is especially apt to alter the position 
of the lower border of the stomach. 

•II Pirie makes the statement that the stomach should be 
looked upon as a market bag, which changes its shape and 
position according to how it is filled and how it is carried. 

<!I During fluoroscopic observation of the normal stomach, 
peristaltic waves are first appreciated at a point just above 
the middle of the stomach, proceeding slowly toward the 
pylorus. Antiperistaltic waves are never seen in the norma] 
stomach, and are rarely seen in pathological conditions. 
The depth of the normal peristaltic wave increases as the 
wave nears the pylorus, until, in the pre-pyloric region, the 
incisures are very definitely seen forming the so-called 
antrum. The X-ray has told us that the antrum is ever 
changing, owing to the onward progress of the peristaltic 
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waves. Even in this stereo, in which the two plates were 
made within one second, there is an appreciable difference 
in the position of the deep peristaltic waves which form the 
antrum. Normally the peristaltic waves should be seen 
traversing both curvatures as far as the pylorus and clos- 
ing off at the pylorus. At irregular intervals, depending 
upon various factors, the pylorus opens and a certain 
amount of the gastric contents passes into the bulbus 
duodeni. 

^ The first part of the duodenal bulb is devoid of per- 
istaltic waves. Normally it has the triangular appearance 
which has been well described by Cole. The second and 
third portions of the duodenum show the valvulse con- 
niventes. Peristalsis is easily studied in the second and 
third portions of the duodenum, especially with the patient 
lying supine upon the horizontal roentgenoscope (the 
trochoscope) . 




Fig. 15 (Rieder). 



^ Figure No. 15 is a composite tracing made from a 
series of twelve consecutive roentgenograms of the stomach 




in a normal woman exposed within twenty seconds. The 
tracings show very definitely the excursion of the stomach 
wall during the undulation of a wave from fundus to 
pylorus. 




rig. 16 (Riedcr). 



€|[ Figure No. 16 shows a composite tracing from twelve 
consecutive roentgenograms made within twenty seconds, 
in a case of carcinoma of the pylorus. The inelasticity of 
the pars pylorica is well shown in this composite tracing. 

^ These tracings illustrate the possibilities of the fluoro- 
scopic screen examination in observing gastric peristalsis. 
The method is practicable, however, only in thin or medium- 
sized individuals. In the heavier patients, the screen find- 
ings with reference to the pylorus are undependable, and 
one must make serial plates in order to definitely determine 
the normal elasticity of the gastric walls in the pars pylorica. 

€|[ The stomach shown in Stereo 14 exhibits normal tone, 
the level of the fluid contents being held high up toward 
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the fundus. Atony of the stomach is manifested roent- 
genologically, not so much by the absence of peristaltic 
waves as the level at which the upper border of the stomach 
contents are held by the muscular tone of the stomach 
walls. In atonic stomachs, the level is low and the stomach 
is broad, whereas in stomachs exhibiting normal tone, the 
level of the fluid contents is well up toward the diaphragm. 
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Normal Stomach. 

[Stereo IS.] 

^ Patient lying prone, plates anterior, one hour after the 
bismuth meal. A thin pillow was placed under the thighs 
and another under the chest, in order to lessen the pressure 
of the spine against the stomach. The plates were made 
during deep inspiration, the two exposures occupying less 
than a second. 

4| The pyloric sulcus and duodenal bulb are normal in 
this case. In making roentgenograms of the stomach with 
the patient in this position, the greatest care should be 
exercised to prevent distortion of the gastric shadow by 
increased intra-abdominal pressure, especially by the in- 
creased pressure in the midline due to the forward curve of 
the lumbar spine. 

^ In the normal stomach, the duodenal bulb is soon well 
filled and it remains so throughout the examination. When 
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the bulb is not filled readily, it may be made to do so by 

having the patient lie on the right side for a few moments. 
At the end of the first hour of digestion, the bulb is nearly 
always well filled under normal conditions. 

<I! A persistent deformity of the duodenal bulb always has 
significance. The exact meaning of this deformity is 
usually best determined by the clinical examination and the 
history. Even when the X-ray findings do not point speci- 
fically to the nature of the deforming lesion, the roentgeno- 
logic determination of this deformity is of great importance 
in establishing the fact of a lesion at this point. 
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Duodenal Ulocr. 

[Stereo 16.] 

^ Deformity of the duodenal bulb persisting at all exami- 
nations. Increased depth of peristaltic waves. Delayed 
emptying time of the stomach. History of gastric dis- 
turbance covering twelve years. Patient awakens about 
three a.m. with soreness in the stomach. Two or three 
hours after meals she regurgitates what she calls "sour 
water." Recently vomitus has contained food; never 
vomited blood. Marked loss in weight, amounting to 
nearly fifty pounds. 

^ Roentgen examination shows a spasmodic indrawing 
high up on the greater curvature, persisting during the 
entire examination. Peristaltic waves, originating above 
the indrawing, pass it without disturbing it. Emptying time 
of the stomach less than four and a half hours. Absence of 
pain on pressure over the lesser curvature high up under 
the left costal arch. No special pain point associated with 

Stereo 16. Serial W 502 
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the stomach or duodenal shadow. Disappearance of the 
indrawing under atropin injection (one mgm.) 
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4|| A spastic indrawing of this sort, diagrammatically 
shown in Figure 17, was at first considered pathogno- 
monic of ulcer of the stomach. It was believed that the 
spasm was due to irritation of the circular muscle of the 
stomach by an ulcer on the lesser curvature at the level of 
the indrawing. Operative investigation of cases in which 
this indrawing had been observed did not confirm this 
view. While it is true that the spastic indrawing high up 
on the greater curvature is often found in gastric ulcer, it 
is also frequently found in duodenal ulcer and in gall 
bladder lesions. When due to duodenal ulcer, there is no 
pain point on pressure over the lesser curvature, and often 
the spastic indrawing is increased in depth by pressure over 
the pyloric or duodenal shadow. It has been recognized 
for several years that a similar spastic indrawing may be 
found to exist in cases of hysteria and tabes. I have made 
the observation that this indrawing is found in paralysis 
agitans and in Graves' disease. 
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Hypertonicity of the Stomach. 

[Stereo 17.j 
t[| Hypcrtonicity of the stomach, associated with hepato- 
fixation, due to old adhesions about the gall bladder. 
This stereoroentgenogram illustrates the rotation of the 
stomach forward and upwards, which frequently accom- 
panies pyloric zone ulcer with adhesions. It may also be 
seen in cases of gall bladder region adhesions, as was shown 
roentgenologic ally by Pfahler. According to E. A. Cod- 
man, of Boston, who believes that a posterior ulcer of the 
stomach is exceptionally rare, the ulcer is practically always 
on the lesser curvature or just below the pyloric ring. In 
Codman's opinion, ulcer on the lesser curvature is often, if 
not always, secondary to ulcer of the duodenum, and the 
whole pathological problem is directly comparable to 
hemorrhoids and fissures in the anus. This forward rota- 
tion of the stomach is doubtless also sometimes seen in 
extensive gall bladder region adhesions. This patient had 
the gall bladder drained five years previously. 

Stereo 17. Serial 1V9 503 





Pyloric Ulcer. 

[Stereo 18.] 

•H Patient, male, age forty-five. History of gastric dis- 
turbance for fifteen years. Eructation of "burning" fluid; 
occasionally vomits; appetite generally good; marked loss of 
weight, twenty-five pounds in six montbs; constipation; 
visible gastric peristalsis. 

•II Roentgen examination showed hyperperistalsis, five 
incisures being seen in the stomach shadow. The one 
highest up on the greater curvature was narrow and very 
deep; fluoroscopically, it was seen to be stationary and per 
sistcnt, and evidently not a peristaltic wave, for the peris- 
taltic waves originated above it and passed without disturbing 
it. The waves are unusually deep and unusually numerous. 
The duodenal bulb is absent. Very marked pain on 
pressure, coinciding with the pyloric shadow. Stomach 
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conBiderably enlarged, the lower border reaching almost to 
the pubic bone. Emptying time considerably delayed — 
longer than ten hours. Marked hypersecretion. 

<]] At operation there was found the scar of a chronic 
ulcer at the pylorus. The pylorus was almost closed by 
the callus, which was mostly on the duodenal side. 
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Perforating Pyloric Ulcer. 

[Stereo 19.] 

•fl Patient male, age thirty-three, applied for treatment for 
pain in the stomach, vomiting and conEtipation. The patient 
has always had digestive disturbance. Five years ago had an 
attack of epigastric pain with vomiting, lasting a week. 
Since then he has been in fairly good health except for 
belching and souring of the stomach contents. There has 
been some dull, epigastric aching, but nothing regular. 
One week before examination he was prostrated with a sud- 
den attack of epigastric pain and vomiting, the vomitus 
being of a yellowish brown color at first, later containing 
coffee-ground material. The stools have been of dark 
color. Thirty pounds loss of weight during the last six 
months. 

•I] Roentgen findings: Hypertonic stomach. Persisting, 
marked spastic indrawing at about the middle of the 
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Stomach, more evident on the greater curvature than on 
the lesser. At the pylorus is seen the deformity due to the 
ulcer, which was of the penetrating variety, attended by 
extensive perigastric adhesions. There was still bismuth in 
the stomach several days after the bismuth meal. 

•H At operation there was found a mass of adhesions 
about the pylorus preventing accurate examination. It was 
the opinion of the surgeon that the lesion was a penetrating 
peptic ulcer, just proximal to the pylorus. 
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GflBtrio Ulcer. 

[Stereo 20.] 

^ Patient, male, age fifty-nine. Applied for treatment 
for acute gastric pains, formerly after meals, but now before 
and after. Heartburn was a symptom when he was a young 
man, but he has none now. The pain was relieved by soda 
and hot water. Manual labor causes much burning of the 
stomach with vomiting. Vomiting spells daily. These 
symptoms began three years ago. The pains are often 
severe at night, keeping him awake. Considerable loss of 
weight. The laboratory examination showed blood in both 
the vomitus and in the stool. 

^ The roentgenographic examination showed a persis- 
tent spastic indrawing on the greater curvature, about an 
inch from the pylorus. (See Fig. 18.) 
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^ At a corresponding point on the leuer curvature there 
is seen a. bismuth fleck, corresponding to the crater of an 
ulcer. These spasmodic manifestations indicate that the 
lesion is active. Emptying time of the stomach, five and 
a half hours. 

^ Examination in the prone position, when the stomach 
was nearly empty, showed very definitely the fleck corres- 
ponding to the ulcer crater. 
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Callous Gastric Ulcer (Lesser Carrature). 

[Stereo 21.] 
m Patient, male, age fifty-five, a miniBter. Four years 
ago he had an attack of what was diagnosed as "nervous 
indigestion." Under medical and dietetic treatment, the 
symptoms were overcome. About a year ago the stomach 
symptoms reappeared, and during the last three months the 
patient has grown worse, complaining of almost constant 
epigastric pain beginning about two hours after eating and 
relieved by soda. Sometimes eating gives relief, as do also 
the occasional vomiting spells. Worry and business cares 
aggravate the symptoms. The pain is sometimes very 
sharp, covering an area the size of a dollar, and is often 
associated with much weakness and prostration. No pain 
in the back. Constipation is a symptom. There is a 
localized point of tenderness on pressure in the substernal 
region. 
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Callous Gastrie Ulcer (Lesser Curvature). — Continued. 

[Stereo 22.] 
•I Roentgen findings: Peristalic waves unobstructed on 
the greater curvature. On the lesser curvature, the waves 
did not proceed clear to the pylorus, being absent in the 
last inch of the lesser curvature. The duodenal bulb was 
filled only with difficulty, and when finally filled, there 
appeared a definite protrusion of the bulb shadow on the 
side corresponding to the lesser curvature of the stomach. 
The stomach was in good tone. Peristaltic waves at times 
increased in depth, at other times scarcely visible. Through- 
out the examination there persisted a small filling defect 
the size of a quarter, in the shadow of the stomach on the 
lesser curvature, just proximal to the pylorus. The empty- 
ing time of the stomach was greatly prolonged, about one- 
third of the stomach contents remaining after the sixth 
hour. No hindrance in the small intestine. Pelvic colon 
moderately spastic. 

Stereo 22. Serial W 503 
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4|| At operation there was found an ulcer on the lesser 
curvature a short distance from the pylorus, the indurated 
area surrounding the ulcer heing the size of a dollar. 
There were no enlarged lymph glands. There was a small 
diverticulum on the duodenal side of the pyloric vein about 
the size of a hickory nut, During the operation, which 
was done by the "no-clamp" method, the walls of the 
stomach were retracted, and the ulcer on the lesser curva- 
ture could be plainly seen. It was a perforating ulcer, the 
excavation being circular, measuring one-fourth of an inch 
in diameter. 



I„\NR MKDICAI, LIBK \KV 










